A scanning electron microscope procedure was used to determine which spray particle sizes deposit effectively on immatures of Trialeurodes vap0Tariorum (Westwood) following ULV applications by 2 different application techniques.
Since the development of reduced volume or small particle spraying techniques, researchers have sought to maximize the efficiency of insecticide usage by determining optimum spray particle size and applica. tion techniques for each application situation involved. Lofgren et al. (1973) stated that these were nearly always indirect studies where optimum spray particle size was determined from mortality results where applications of various particle size ranges were tested, and that direct studies of particle size deposition on actual insect body surfaces were almost completely lacking. In greenhouse horticulture, such indirect studies include Fulton et al. (1949) , Goodhue and Smith (1945) , Goodhue (1946) , and Johnson et al. (1965) , where varying pest mortality and phytotoxicity effects were related to application of different spray particle sizes. Based on these studies, an optimum particle size of 20 fLm (or less) mass median diam (MMD) was suggested. Webb and Smith (1973) more directly studied the ability of aerosol applications to penetrate greenhouse foliage. Excellent aphid mortality was observed in chrysanthemum cultivars with both dense and open foliage characteristics following mechanical aerosol applications (particle size unspecified).
The possibility of insecticide volatilization and redistribution (dichlorvos and sulfotepp were used), with subsequent mortality by vapor action, was not cited. Mboob (1975 ) used Himel's (1969a FP technique in a preliminary but direct study of particle size distribution after aerosol (or ULV) and mist applications for control of greenhouse whitefly, Trialeurodes vaporariorum (Westwood), on tomatoes. However, actual deposit of particle sizes on the immature greenhouse whitefly body surfaces was not studied. Owens and Bennett (1978) Sept. 21, 1977. "Portion of a thesis presented by the 1st author in partial fulfilIment of the degree of Master of Science.
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©1978 Entomological Society of America within the foliage caused deposit of larger spray particles (i.e., allowed a larger portion of the spray particle size output to deposit successfully) on the immature stages. An optimum spray particle size of 15-25~m (mass median diam) is supported for ULV applications in greenhouse floriculture.
nique toward improving the efficiency of insecticide deposition was emphasized. Reported here are results of a direct study of ULV particle size deposition on the body surfaces of immature greenhouse whiteflies. The greenhouse whitefly-poinsettia relationship was chosen as a typical greenhouse floriculture situation, where ULV applications are commonly used.
METHODSANDMATERIALs.
-After preliminary studies to support its validity, the scanning electron microscope (SEM) procedure of Lofgren et al. (1973) One h after the soybean oil application, several leaf discs (3.14 em') were taken from infested, subapical leaves of randomly selected poinsettias.
The leaf discs were placed in petri dishes on moist toweling and removed to the SEM laboratory.
They were then mounted directly on aluminum SEM stubs, affixed with several small dabs of silver paint at the periphery, and observed in a ]EOLCO-U3 SEM (operated at 25 kEV). Polaroid photographs (1 X magnification)
were taken of all soybean oil droplets which had deposited on immature whitefly body surfaces. For each spray test, 8-10 leaf discs were analyzed during a 3-to 4-h period in the SEM laboratory. Particle size measurements were made directly from these SEM micrographs, and a spread factor of 0.50 (Lofgren et al. 1973 ) was used to convert the deposited diameters to their airborne, spherical values. A Student's t-test was used to determine if a significant difference existed between the mean particle sizes deposited for the 2 application techniques. An MMD for the particle size spectrum represented was calculated from the particle diameters sampled.
Prior to one of these tests, 4 Teflon@·coated microscope slides" were positioned above the poinsettia foliage to sample overall particle size output of the Turbair machine when using soybean oil. One h after application, slides were removed to the laboratory for analysis by standard techniques with a light microscope (Rathburn 1970 ). An MMD figure was again calculated from the sampled particle size spectrum (Owens and Bennett 1978) .
RESULTSANDDISCUSSION.- Fig. 1 and 2 (SEM micrographs) show soybean oil spray particles deposited on immature whiteflies which were located on the lower leaf surfaces at depths of 15-20 em in the foliage. These micrographs demonstrate an observed tendency for the smaller particle sizes which we detected to deposit most efficiently on the setae and wax rods of whitefly nymphs.
Larger ULV spray particle sizes deposited primarily on the planar body surfaces and on the many poinsettia leaf hairs.
A total of 40 soybean oil spray droplets was measured for the recommended Turbair (19 droplets) and the close-in (21 droplets) application techniques. Data were not recorded for the percentage of observed whitefly nymphs on which spray droplets had deposited, but this figure was low. While considerable numbers of droplets were observed on each leaf disc, the droplets were generally seen to adhere to the many leaf hairs on the poinsettia foliage. The leaf hairs offer a significant level of protection for the immature whiteflies from direct spray particle deposition.
Spray formulations which are able to redistribute on the leaf from such an efficient collection surface should be more effective for whitefly control, as an alternate route is available for delivery of the insecticide to the insect body.
A significant difference (P = 0.01) was noted between the mean droplet diam for the 2 application techniques, with a mean particle size of 15.33 p'm for the close-in technique, and 5.21 /Lm for the recommended Turbair application technique. UL V application techniques which include the maximum practical use of the machine airblast (e.g., the close-in technique of this study) cause better penetration of spray material down into the foliage and also sufficient air circulation to allow for successful deposit of a greater portion of the overall spray particle size output (32 /Lm MMD, Table 1 ). This conclusion
-SEM micrograph showing a 45-50~(spherical diam) soybean oil spray droplet (arrow number 2) deposited on a greenhouse whiteny nymph (arrow num· ber 1), near the anal opening. Four poinsettia leaf hairs are adhering to the surface of the spray droplet.
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Vol. 71, no. J coincides with that of Owens and Bennett (1978) relative to the importance of the application technique in greenhouse ULV applications. Table 2 shows particle size spectrum and MMD determination for the entire 40 droplet sample measured from immature whitefly body surfaces without regard to the factor of application technique. These particle size data (17.0 pm MMD) support the conclusions of Owens and Bennett (1978) and other researchers (cited previously) as to the optimum spray particle size for control of the whitefly in greenhouse situations.
An optimum particle size in the range of 15-25 ILm MMD is indicated for deposition on the undersides of leaves at those depths in the foliage where the various whitefly life stages are located, and for successful deposit of the insecticide on immature whiteflies. Himel (1969b) and Lofgren et aI. (1973) concluded after their direct studies of UL V particle size deposition that a large portion of the spray volume was produced as particle sizes with little or no chance to deposit on the target surface. Inefficiencies of up to 99% were demonstrated. Table 2 indicates that the largest spray droplets measured from immature whitefly body surfaces averaged 37 pm diam, and this particle size (or smaller) included 100% of the accumulative spray volume. However, when comparing these data to the overall particle size spectrum produced by the Turbair (Table I) application situations, and emphasizes the importance of spray particle size to efforts aimed at maximizing the efficiency of insecticide usage for greenhouse whitefly control when using ULV applications.
